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highest nutritive value. Good as our winter rations, con- 
taining silage, are known to be, the fact remains that winter- 
fed cows respond to  pasture feeding, in the spring, out of all 
proportion to the caloric value of the green grass ingested. 
The animals invariably respond in milk production, physical 
condition, and smoothness of coat. Investigations of our 
winter dairy rations should assist in improving this situation. 
Similar studies should be made on many of our commercially 
prepared foods. 

It has already been irfdicated that heat undoubtedly pos- 
sesses a defitructive action but oxidation seems to be an 
equally important factor. Drummondg and his co-workers 
point out that this is one reason why lard is usually devoid 
of vitamine A. They contend that the small amount of 
vitamine that is normally present in lard is destroyed in 
commercial rendering processes. 

In the light of our present knowledge, proper desiccation, 
with a minimum of air and a high temperature for a short 
time, should be advantageous. We have little or no knowl- 
edge of the influence of humidity, acidity, alkalinity, con- 
centration of sugars, etc., during the drying process. 

Some investigators find no antiscorbutic value in certain 
condensed milks. Hume17 reports that condensation by the 
vacuum pan method had no effect upon the antiscorbutic 
properties of a sample of milk under investigation at  the 
Lister Institute. Professor Combs, Miss Francis, and the 
writer are now investigating this question further, a t  the 
Pennsylvania State College. We are making several types 
of condensed and evaporated milks by means of the Ruff 
evaporator, which employs a blast of air through the heated 
milk. We are comparing the vitamine content of this milk 
with the fresh raw milk and with the same milk condensed in a 
commercial vacuum pan. 

As far as vitamine destruction is concerned, we have little 
to fear in our ordinary cooking processes unless the length 
of time of cooking is excessive. The water-soluble vitamine 
seems to be more stable to heat than either of the others, 
although it is destroyed by long-continued heating or by 
autoclaving. Even when some vitamine destruction occurs, 
there is every reason to believe that there is seldom danger of a 
vitamine deficiency, Neither is there much to fear in com- 
mercial pasteurization of milk, provided the usual method of 
vat pasteurization is employed. Granting that some vit- 
amine destruction takes place in many of our commercial 
processes, there seems to be no reason for being unduly 
disturbed, providing the diet is not restricted, for long periods, 
to foods thus treated. Such foods are of great value and their 
manufacture must not be discouraged. We must simply 
recognize their deficiencies and supplement these deficiencies 
with other foods. Our work on milk also lends support 
to the practice of “short-time boiling” of milk advocated by 
Lane-Claypon18 and many pediatricians. 

We must admit that our investigational methods are far 
from satisfactory. Our best planned work in many instances 
is only roughly quantitative, but the results obtained in the 
ten or twelve years of vitamine research have repaid their 
financial cost many times. 

The applications of vitamine research to the feeding of 
malnourished children in Europe, and especially in Vienna, by 
Miss Chick and her eo-workers, is one of the best examples of 
the practical value of this branch of nutritional science. 
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Standardized Methods for the Study 
of Vitamines 
By A. D. Emmett 

MEDICAL RESFARCH LABORATORY OF PARKB, DAVIS AND Co., 
DETROIT, MICHIGAN 

The enormous amount of work that has been reported 
in the past few years upon studies relating to the vitamines 
has brought about a marked increase in interest in some lines 
of biological and food chemistry. As one carefully studies 
the many scientific papers on vitamines, he is impressed with 
the idea that the general plan of carrying out the investi- 
gations has been more or less characteristic or provincial 
with certain laboratories. That is, there is often such a 
difference between the basic plans for executing the experi- 
ments that the results of similar studies reported by the several 
workers are generally not comparable. It is, therefore, 
evident that the conclusions will not be consistent at  times, 
and also that a certain amount of confusion as to the relative 
vitamine content of this or that substance will be produced. 

It is natural perhaps that such a condition of affairs should 
have arisen. For as long as we know so little about the chemi- 
cal nature of the vitamines, and our chemical methods for 
isoIating them are so meager, we must of necessity be dealing 
with extracts which are a mixture of substances. Then, too, 
having to rely upon the biologic feeding method, where the 
animal, food and environmental conditions should be under 
exact control, one readily realizes how fundamentally im- 
portant and how difficult it is to obtain accurate results at  
all times. It is thus easy to see that unless there is some 
definite understanding as to details of procedure, many 
variables may probably be introduced by each laboratory 
working on the subject. 

To the writer’s mind, it is imperative that something 
should be done to modify this condition; otherwise what 
is being reported upon the vitamine content of such sub- 
stances as foods and vitamine products will need to be re- 
vised very considerably later on. These statements are 
not intended to imply in the least that the results thus 
far obtained are not of extreme value. 

Considerable time and effort have been put forth t o  de- 
vise quantitative methods for measuring the vitamines in 
extracts made from foods. Various forms of animal and 
plant life have been employed. Thus, Emmett and Allen1** 
tried the tadpole; Chambers,Z the paramecium; and WilliamsS 
and Bachmann,4 the yeast. The yeast method as suggested 

*Numbers in text refer to Bibliography, p. 1106. 
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by Williams for measuring the antineuritic vitamine has 
shown the most promise.6 However, the objections to it 
that have been put forth are of such a nature that it would 

FIG. I-The curves show how one may be misled by changing too many 
factors in the diet and then not running the test over a long enough time. 
The diet in Period 1 was slightly below the normal for growth, being low 
in fat-soluble A. I n  Period 2 for the new diet, all the fat-soluble A was 
left out, the amount of starch was increased, the fat was reduced, and new 
sources of water-soluble B vitamine and mineral salts were used. The rats 
began to  gain following the change, instead of making the expected decline. 
This was undoubtedly due to the alteration in texture and palatability of 
the diet. Later, after 35 days, the rats lost in weight and developed the 
usual symptoms of xerophthalmia, etc. Similar conditions might result 
if one food were substituted for another in part or whole. 

seem that further reports will be needed before the desired 
confidence can be placed in it.6 

We are, therefore, still forced to rely upon the more la- 
borious biologic method, which involves the feeding of ani- 
mals, as the most dependable and safe guide. In fact, for 
some time, apparently, this method will have to be resorted 
to in the last analysis where any reasonable doubt exists. 

In  view of this fact, the suggestion might, therefore, be made 
that we endeavor to adopt a plan whereby it would be feasible 
to profit by the very valuable work done thus far and to carry 
out a series of cooperative feeding experiments so as to es- 
tablish a more uniform scheme for the study of vitamines. 
This should be done with the idea of working toward stand- 
ardizing some methods which in turn could be adopted pro- 
visionally. From the experience gained in working along 
nutritional lines for over fifteen years, the past five of 
which have been devoted to vitamines in particular, it would 
seem to the writer that there is much to be gained by following 
out such ti program. It would serve as a helpful guide in 
determining when one has acquired sufficient knowledge of 
the technic to feel confident of the accuracy of his results. 
In  this way alone it would be of great value to research work- 
ers and to the control departments of some of our industrial 
laboratories. 

POINTS TO BE CONSIDERED 
In  line with this suggestion a few points may be brought 

out to emphasize this need and point to some plans that might 
be considered : 

1-There should be a strict uniformity in the basal diets. 
Thus, in the case of the growing rat, we should agree upon 
R basal diet that is complete for normal growth and repro- 
duction; upon one deficient only in the water-soluble B vita- 
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mine, and upon one deficient only in the fat-soluble vitamine 
or vitamines. And in the case of the guinea pig, we should 
have a complete basal diet and one deficient in the water- 
soluble C. In  these diets, it should be understood that the 
percentage of protein, carbohydrate, fat and mineral salts, 
and the kind and quality of these nutrients should be the same 
throughout, for the particular purpose intended. That is, 
all laboratories should use exactly the same basal diets. 

It would then be possible always to employ these rations 
for the normal and pathological control groups and then to 
compare with these control findings, the results obtained 
from any other combination of nutrients that seemed de- 
sirable in connection with a particular phase of a vitamine 
project that one might have under way. That is, if the 
control data obtained from these basal diets were always re- 
ported along with the experimental results, it would be 
easier to interpret and compare the conclusions from dif- 
ferent workers. 

2-In the preparation of these basal diets, definite methods 
should be outlined, with respect to detailing just how to  
purify the various constituents used-the proteins, carbo- 
hydrates, fats, and mineral salts. Besides, exact methods 
should be given for preparing the vitamine extracts that are 
to be incorporated. Then again, it should be stated clearly 
how and in what order these ingredients are to be combined; 
for unless this is done the texture of the ration will often vary 
considerably, and thereby an unintentional error will be in- 
troduced which might affect the food consumption, and this 
in turn might influence t,he trend of the weight curves, etc. 

3-It is equally important that there be some definite 
statements made with respect to the experimental animals. 
In the case of rats and guinea pigs, the age, weight, sex, and 
exact physical conditions should be carefully observed and 
stated. It is known, for example, that, for the best compari- 
sons, the animals should be of about the same age and weight 
a t  the start, and that younger rats are preferable to older ones. 
In  our own work where we have used some 2000 pigeons, 
we find that it is necessary to consider breed, previous feed- 
ing, age, body conditions, weight, season of the year, etc., 
in order to obtain the best results in testing for the anti- 
neuritic vitamine. 

Also, in the case of handling and taking care of the animals, 
it is essential to bear in mind that one should avoid exposing 
them to sudden changes in temperature and to undue ex- 
citement, and to too much handling. Systematic attention 
should be given to cleaning and disinfecting the cages, bedding, 

FIG 2-The curves show that when the diet was varied but slightly the 
resultant effect was more nearly in accord with the predictions. Curve 
a contained all the nlitrients for normal growth. Curves b lacked the fat- 
soluble A vitamine. I n  the latter part (2) of this curve, fat devoid of this 
vitamine was introduced by substituting it for an equal amount of lard. 
No change occurred. Curve c also lacked the fat-soluble A, but later the 
fat was introduced which contained this vitamine. Increased growth took 
place along with the correction of xerophthalmia. 
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food cups, and water receptacles. Vermin or lice should be 
scrupulously excluded. Special care should be given an 
animal when it becomes appreciably affected by the de- 

Period I + 2  4 3  

Fro. 3-The curves illustrate how it is sometimes necessary and essential 
to correlate the food intake with the weights. Here the weight curves 
followed almost in the same relation as the food intake. Rats 71 and 75 
ate the most, and gained better than rats 72 and 73 which ate less. 

Similar results were obtained by Osborne and Mendel7 in feeding raw 
and cooked soy beans. The rats practically declined to eat the raw food 
and hence made no gains, while they ate the cooked food readily and grew 
normally. 

ficiency disease, and so on. In  fact, it is only after consider- 
able experience that one can always be sure the effect of the 
experimental diet is a bigger factor than some of the other 
variables that may have been introduced. 

&It is very important to state whether the animaIs 
are to be force-fed or not; whether the food-intake is to be 
accurately recorded or not; whether the rations are t o  be 
made frequently or in large enough quantity to last for a con- 
siderable time; whether the consistency,of the food or ration 
is appreciably altered when the changes in the diet are made, 
and, if vitamine extracts are to be used, whether the animals 
are to be treated during the test period, or fed at  this juncture 
a mixture of the basal diet and the extract. 

5-In the feeding, the question arises whether the rations 
should be tested from the standpoint of a prophylactic or 
a corrective. That is, should the test be one of preventing 
the usual decline in weight, etc., that comes about from the 
absence of the particular vitamine, or should it be one en- 
deavoring to bring about a normal response after the animal 
has become affected? In many ways, it is often preferable 

6-It is very important that the tests should be run long 
enough to be conclusive. We have had instances in the case 
of the rat, where the pathological animals did not respond 
quickly when put upon a curative diet. Sometimes they did 
not manifest any signs of improvement for almost a week, 
when they began to show the effects of the new diet. Here 
i t  is not a case of the vitamine being absent but simply a 
question of the animals not eating the new ration a t  first. 
When they do begin to take the food, the effect of the treat- 
ment will become very evident. However, the precaution 
should be taken to make sure that any gains in weight are 
not due simply to a change in the physical nature of food, 
rendering it possibly more palatable. Noting the physical 

“ to  follow the latter method. 
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condition of the animal and continuing the test long enough 
will settle this point. Where it is possible, as in using ex- 
tracts, it is generally much better to keep the basal diet the 
same throughout and to give the animals definite doses of the 
extracts. I n  this way, one can make sure that the material 
has been consumed. This, of course, cannot be done where 
one wishes to test a food in its entirety. 

RECOMMENDATION 

From the six points that have been elaborated upon, it 
would seem very evident that there is an excellent oppor- 
tunity and a real need for formulating some definite working 
plan which would be a practical aid in making it easier to 
carry on studies and experiments relating to the vitamines. 
Many of these possible irregularities could thereby be elimi- 
nated to some degree to advantage. The adoption of 
some such suggestion would aid very materially in claiifying 
certain questions that are coming up with the rapid advance- 
ments on this subject, 

This plan could be accomplished if five or more laboratories 
that are seriously interested in vitamines would come to 
some mutual agreement regarding what methods seem most 
plausible and easy to carry out. Each should be asked to  
follow very carefully definite recommendations as to basal 
diets, animals, methods of feeding, etc. In fact, it might be 
best to go still further, in the beginning, and make up a large 
supply of the basal rations and to send portions to each in- 
vestigator to use in accord with certain directions. I n  turn, 
the results obtained could be collected and studied to deter- 
mine how closely the laboratories agreed. 

These data would be of immense value and they might 
immediately settle and help to establish some very essential 
and fundamental facts. For one thing, the results would 
make it possible to determine what allowance should be made 
for the technic and personal factors that enter in. Also a 
number of points as to the exact pathological conditions 
that are brought about could be more clearly established. 

Having thus obtained some fair knowledge of the range 
of experimental expectation that one may figure upon, i t  
would then be possible to elaborate the procedure in any 
way that the individual project might suggest. However, 
even then the number of variables introduced at any stage 
in the experiment should be few enough and in such 
sequence that proper deductions would be possible. 

This plan would seem to be.a logical one a t  this stage in 
the development of the subject. It would be to the best 
interest of those who are in charge of research and control 
work on vitamines; i t  would help to add greatly to the val- 
uable facts that are already at  hand on the etiology and 
pathology of the deficiency diseases; i t  would make i t  possi- 
ble to  come to a much more definite conclusion as to  what 
foods or food products are rich or poor in certain of the so- 
called vitamines, and would assist appreciably, in general, 
in obtaining fairly definite relative values. 
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